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Gypseous soil is a collapsible soil, which causes large deformations in the buildings which are constructed on it. Therefore, several methods
have been used to minimize this effect, such as replacing the gypseous soil or stabilizing it (grouting or soil improvement).
This study presents the results of tests carried out on four types of gypseous soil with different properties and various gypsum contents. The
testing was conducted on undisturbed samples to evaluate the compressibility of the gypseous soil under different conditions. The samples were
grouted with acrylate liquid. The treated samples showed that the acrylate liquid was able to reduce the compressibility of the gypseous soil by
more than 60–70%. This is attributed to the acrylate liquid ﬁlm coating the gypsum particles, and thus, isolating them from being subjected to the
effect of water. The treated gypseous samples exhibited a low collapse potential in which the acrylate liquid reduced the collapsibility of the
gypseous soil by more than 50–60%. The acrylate liquid affected the shear strength parameters of the gypseous soil by increasing the cohesion
and decreasing the angle of internal friction.
For unsoaked samples, it was observed that the cohesion increased and the angle of internal friction relatively decreased. This behaviour may
be attributed to the cohesion effect, caused by the presence of the acrylate liquid, and because contact between particles was prevented which
caused a reduction in friction. As long as the specimens were saturated, the strength of the sand appeared to increase at the same rate as for an
increase in total stress. Once the sand became unsaturated, the rate of increase in strength decreased, and in fact, the strength decreased when the
suction was increased beyond some limiting value.
& 2014 The Japanese Geotechnical Society. Production and hosting by Elsevier B.V. All rights reserved.
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Many soils can prove problematic in geotechnical engineering,
because they expand, collapse, disperse, undergo excessive
settlement, have a distinct lack of strength or are soluble. Such0.1016/j.sandf.2014.04.008
4 The Japanese Geotechnical Society. Production and hosting by
g author.
ss: myf_1968@yahoo.com (M.Y. Fattah).
der responsibility of The Japanese Geotechnical Society.characteristics may be attributable to their composition, the nature
of their pore ﬂuids, their mineralogy or their fabric (Briscoll and
Chown, 2001).
There are many types of problematic soils, some of the most
noteworthy being swelling clay, dispersive soils, and collap-
sible soils that will be discussed subsequently. The present
study focuses mainly on collapsible soils.
Collapsible soils are unsaturated soils which present the
potential for large deformations and a complete change to the
whole particle structure after wetting, with or without loading.
These soils are characterized by loose structures composed of
silt to ﬁne-sand-size particles. Collapsible soils are deposited in
arid and semi-arid regions. Due to the expansion of humanElsevier B.V. All rights reserved.
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is leading to the use of large quantities of water, which creates
favorable conditions for soil collapses. These soil failures lead
to severe damage and large distress to man-made structures.
Abbeche et al. (2010) made an experimental study to illustrate
that the mechanical resistance of collapsible soils can be
improved. The study demonstrated that it is possible to
minimize the collapse potential, Cp, to an acceptable level after
chemically treating the soils with salts (ammonium sulfates
(NH4)2SO4 and potassium chlorides KC1) at different concentra-
tions (i.e., 0.5, 1.0, 1.5, and 2.0 mol/l) and under different
compaction energies. The method used in their study was based
on oedometric tests with variable levels of normal stress.
To overcome collapse problems, Mohamed and El-Gamalin
(2012) used sulfur cement as a treatment method and evaluated
the microstructure, the mineralogical composition, and the
physical, thermal, mechanical, hydraulic, and chemical proper-
ties of specimens. After treatment, the specimens were tested
for their compressive strength. The results indicated that the
strength of the treated soil was about three times higher than
that stabilized by normal Portland cement.2. Gypseous collapsible soil
Gypseous soil is found in arid and semi-arid regions on
gypseous rocks and sediments of different origins. There are
different origins and different deﬁnitions for gypseous soil,
among which is the deﬁnition by Barazanji (1973), who
divided gypseous soil into sub-groups, namely, soil containing
more than 50% gypsum and soil containing less than 50%
gypsum. For soil containing more than 50% gypsum, the
textures of non-gypsiferous materials are used as adjectives,
such as loamy gypsiferous materials. For soil containing less
than 50% gypsum, ﬁve subdivisions are proposed according to
the percentage of gypsum, as shown in Table 1.
The presence of gypsum in soil represents one of most
complex engineering problems due to its detrimental beha-
viour, especially when accompanied by environmental changes
in moisture content (Nashat, 1990). The leaching of gypsum
from soil changes the physical–chemical and the mechanical
properties of the soil with the development of large settlement
(Mikheev et al., 1973).
Several methods have been used to minimize the collapse
potential of gypseous soil, such as replacing the gypseous soil
or stabilizing it (grouting or soil improvement). For grouting,
several materials have been used, such as cement, bentonite,
asphalt emulsion, and sodium silicate. Grouting is one ofTable 1
Classiﬁcation of gypseous soil (after Barazanji, 1973).
Gypsum content (%) Classiﬁcation
0.0–0.3 Non-gypsiferous
0.3–3.0 Very slightly gypsiferous
3.0–10 Slightly gypsiferous
10–25 Moderately gypsiferous
25–50 Highly gypsiferousseveral methods used to improve the strength of soil. The main
function of the grout is to provide a cohesive bond between
soil particles and to provide a waterprooﬁng coat around the
gypseous soil particles. The success of the grouting material
depends on several factors among which are grouting pressure,
soil properties, grout type, viscosity, temperature, and time.
The grouting of soil with these materials may be recognized as
a solution for some gypseous soil at various depths in situ; the
grouting acts as a binder and provides stability to the soil mass
and isolates the soil particles from being in contact with water
(Mori et al., 1989).
The objective of the present study is to investigate the
collapsibility and the strength of gypseous soil treated by
grouting with acrylate liquid.
3. Experimental work
This study was carried out on four types of gypseous soil
which have different properties and various gypsum contents. The
work considered in this study can be divided into two main
categories. The ﬁrst includes identiﬁcation and conventional tests,
while the second includes model tests. The testing was carried out
on undisturbed samples to evaluate the compressibility of
gypseous soil under different conditions. The soil samples were
taken from different sites in Iraq, namely, the areas of Kerbala
City and al-Najaf City west of Baghdad.
A detailed laboratory testing program was planned for the
samples from four sites. The program included two major
series of tests in addition to the classiﬁcation tests.
3.1. Classiﬁcation testsI. Physical tests: grain size analysis, speciﬁc gravity, consis-
tency limits (liquid and plastic limits). The grain size
distribution of the gypseous soil was determined by a dry
sieve analysis, which was conducted according to B.S.
1377 (1990), Test No. 7 B (Head, 2006).
The grain size distribution of all the soil samples tested is
shown in Fig. 1.
II. Chemical analysis: gypsum content (Gc), total soluble salts
(T.S.S.), sulphate content (SO3), and pH value.Fig. 1. Grain size distribution of all soils.
Table 2
Physical properties of samples.
Soil symbol S1 S2 S3 S4
Speciﬁc gravity 2.36 2.40 2.44 2.52
Liquid limit, % 37 35 46 –
Plastic limit, % 33 30 34 NP
Plasticity index, % 4 5 12 –
Void ratio 0.833 0.676 0.602 0.798
NP¼non-plastic.
Table 3
Results of chemical tests.
Soil symbol S1 S2 S3 S4
Gc (%) 72 55 29 18
T.S.S. (%) 68 49 18 12
SO3 (%) 38 25 30 20
pH 7.8 7.4 8.5 7.6
Fig. 2. Schematic diagram of the grouting apparatuses.
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samples are summarized in Table 2. The results of the
chemical tests on the samples are summarized in Table 3.
The following standard tests are performed in this study:1. One-dimensional compression tests.
2. Collapse tests (single collapse tests).
3. Direct shear tests.3.2. Mechanical tests
3.2.1. Compressibility tests
Compressibility tests were conducted on soil specimens in a
saturated state by using the conventional consolidation appa-
ratus with a sample size of 75 mm in diameter and 19 mm in
thickness enclosed in a circular metal ring and sandwiched
between two porous stones. The compressibility tests were
performed on the investigated soils through standard consoli-
dation tests (ASTM D2435-02, 2002).
3.2.2. Collapsibility characteristics
The collapse potential is determined by carrying out single
collapse tests using an oedometer cell and following the
procedure stated by Knight (1963). In these tests, the sample is
loaded according to the procedure followed for standard con-
solidation tests, but in a dry state (no water was used). After the
application of a stress of 200 kPa and waiting for 24 h, water was
added to the cell and left for 24 h. The additional changes in
thickness, ΔH, were recorded. Then, the tests were continued as
in conventional consolidation tests (ASTM D5333‐03, 2003).
3.3. Direct shear tests
Direct shear tests were conducted according to ASTM
D3080-98 (1998) (Head, 1998). A calibrated proving ring,with a capacity of 200 kg and a dial gauge of 0.002 mm
precision, were used for vertical deformation, while a dial
gauge of 0.01 mm precision was used for horizontal deforma-
tion. The rate of strain was 0.6 mm/min (Head, 1998).
4. Grouting process
Acrylate polymer liquid is an extremely ﬂuid aqueous resin
of the acrylamide type with a viscosity of 2.02c. Poise,
molecular weight of 30, ductility at 25 1C, 5 cm/min (137),
and density of 1.082 g/cm3 that is readily polymerized as anion
and converted to fairly hard and insoluble solids under normal
temperatures and within a short time (2 h). As the molecular
weight increases, its ability for evaporation will decrease.
Moreover, its melting point decreases and its viscosity
increases. Thus, solvents are used. It is very resistant to water
erosion and chemicals, and is nonﬂammable and nontoxic.
Grouting apparatuses were designed and assembled for the
purpose of this study, as shown in Fig. 2. The compacted
gypseous soil was placed in a cylindrical mould. The apparatus
consisted of three main parts (Al-Lamy, 2008). The liquid tank
is a closed metallic (8 l in volume) equipped with a valve at its
neck. The maximum pressure that can be held by the cylinder
is 350 kPa.5. Procedure of grouting the specimens
The disturbed soil was compacted at a speciﬁed water
content of 10%, and thus, it was possible to obtain a dry unit
weight of 14 kN/m3 for all samples. After the completion of
compaction, it was necessary to create a hole in the middle of
the specimen by forcing an open-ended tube down into the
specimen, with a diameter of 8 mm, along the height of the
specimen, as shown in Fig. 3.
While conducting the grouting process, two main factors
were investigated:i. The suitable pressure for injection; the choice of pressure is
related to the diameter of the particles of the soil to be
Fig. 3. Grouting mould. (a) Sectional view through the mould and the injection pipe. (b) View of observation holes.
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Fig. 4. Variation in radius of acrylate liquid ﬂow with time for injection
pressure of 7 kPa in soil S1.
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Fig. 5. Variation in radius of acrylate liquid ﬂow with time for injection
pressure of 14 kPa in soil S1.
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reported by Tomlinson (2010)).ii. The optimum amount of grout to be injected.
6. Radius of ﬂow and volume-time curve determination
Two injection pressures were used, 7 and 14 kPa, with different
surcharge loads and several observation holes that were made in
each sample to follow the ﬂow of acrylate liquid through the soil
mass, as shown in Fig. 4. The times required for the acrylate liquid
to ﬂow in a horizontal direction during the injection process were
recorded for the two injection pressures of 7 and 14 kPa. This
process was carried out at several surcharges.
The mould used in this test was 250 mm in diameter and
270 mm in height. The primary weight of the compacted soil
before injection was recorded. Then, at a certain time after the
injection, the specimens were weighed. The amount of acrylate
liquid injected was determined as the difference between the
second weight and the ﬁrst weight. This procedure was
repeated for other times of both injection pressures.7. Rate of radial ﬂow of acrylate liquid
The relationship between the injection duration and the
radius of the acrylate liquid ﬂow was investigated. Several
observation holes were made in each sample to follow the ﬂow
operation of the grout horizontally through the soil particles.
The relationships are shown in Figs. 4 and 5. A reduced ﬂow is
observed with an increasing surcharge due to the decrease in
void ratio, and hence, the decrease in ﬂow channels.
In these ﬁgures, injection pressures of 7 and 14 kPa were
used with different surcharges being applied at the surface.
During the injection operation, it was observed that when the
injection pressure was more than the applied surcharge, a slight
heave took place on the top surface of the samples.8. Time–quantity of acrylate liquid relation
Fig. 6 shows that during the injection process, the quantity
of acrylate liquid that accumulated in the sample voids
continuously increased with an increase in the time after
injection until all voids were saturated. Then, the excess grout
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Fig. 6. Relationship between time and quantity of acrylate liquid for two
injection pressures in soil S1.
Table 4
Results of acrylate liquid quantity per minute for two injection pressures.
Injection pressure 7 kPa 14 kPa
Soil type
S1 700 ml/min 1000 ml/min
S2 590 ml/min 870 ml/min
S3 450 ml/min 750 ml/min
S4 500 ml/min 830 ml/min
Fig. 7. Consolidation test on remoulded gypseous soil, S1.
Fig. 8. Consolidation test on remolded gypseous soil, S2.
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that the time required for the injection of a certain quantity of
acrylate liquid was shorter with the injection pressure of
14 kPa than with that of 7 kPa. This is attributed to the
difference in the rate of ﬂow which was 1000 ml/min for
14 kPa and 700 ml/min for 7 kPa.
In this relation, the optimal grouting pressure is used when
the applied surcharge is slightly less than the injection
pressure. The same method that was applied to soil S1 was
also applied to other types of soil, i.e., S2–S4. The results are
shown in Table 4. It is obvious that S1, which has a higher
initial void ratio and ﬁner particles than the other soils,
exhibited the greatest rate of ﬂow.
9. Compressibility
The relationship between volumetric strain ευ and the
logarithm of pressure (log p) for the four types of gypseous
soil, both untreated and treated with various amounts of
acrylate liquid for certain times, are presented in Figs. 7–10.
From these ﬁgures, the following conclusions can be drawn:Fig. 9. Consolidation test on remolded gypseous soil, S3.1. The shapes of all curves are concave down with a gradual
variation in the slope of the curve, which is a typical shape
for a (ε-log p) curve.2. The treated samples show that the acrylate liquid reduced
the volumetric strain due to the applied pressure for the four
types of soil. This is attributed to the acrylate ﬁlm coatingthe gypsum particles, and thus, isolating them from the
effect of water.3. It is clear from the ﬁgures that the volumetric strain
decreased to a certain value and then increased again. This
Fig. 10. Consolidation test on remolded gypseous soil, S4. Fig. 11. Single collapse test on remolded gypseous soil, S1.
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percentage of acrylate content.4. The rebounded strain (during the unloading stage)
decreased for the treated samples. This can be related
normally to the cohesive bond between soil particles.5. For the seven-day soaking periods, 27–33% of the volu-
metric strain of the untreated soils occurred, while only 10–
13% of the strain occurred for the treated soils.
10. Collapsibility
The results of collapse tests on the untreated and treated
remoulded gypseous soil samples, with various levels of
acrylate liquid content, are presented in Figs. 11–14.
The results can be summarized as follows:Fig. 12. Single collapse test on remolded gypseous soil, S2.1. The strain of the treated samples before soaking is less than
that of the untreated samples, and this strain decreases with
an increasing acrylate content. This behaviour may be
attributed to the acrylate presence, which tends to act as
cementing material between soil particles.2. The untreated samples exhibited a high collapse potential.
This is related to the dissolution of gypsum, the reorienta-
tion of the particles, and the breaking of the bonding
between the soil particles (Seleam, 1988).3. The treated samples exhibited lower values of collapse
potential, as shown in the ﬁgures for the four soils. These
collapse potentials were seen to decrease to a certain value,
and then increase again. This increase can be attributed to
the presence of an excess percentage of acrylate content.4.Fig. 13. Single collapse test on remolded gypseous soil, S3.For the seven-day soaking periods, 11–19% of the collapse
settlement of the untreated samples occurred, while only
1–3% of the settlement occurred for the treated samples.
11. Direct shear tests
The ﬁrst set of direct shear tests was conducted on the
untreated and treated soil samples (900 ml) without soaking.The second set of tests was conducted on untreated and treated
soil samples (900 ml) with soaking in water. The results of the
tests conducted on the soil samples are shown in Figs. 15–18.
The shear stress and the vertical displacement versus the
Fig. 14. Single collapse test on remolded gypseous soil, S4.
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relation between the maximum shear stress (τmax) and the
normal stress (sn) is drawn, and the shear strength parameters,
the angle of internal friction (ϕ), and cohesion (c) are
calculated. A summary of the test results is given in Table 5.
Several points can be observed from Table 5:0 2 4 6 8
0.50V1.
Horizontal Displacement, (mm)The soil exhibited similar behaviour for all unsoaked
specimens. It can be observed that the soil showed a clear
peak value of shear stress at each normal stress, as shown in
Figs. 15 and 16. All soils have a cohesion component; this
may be due to the cementing action of the gypsum for the
untreated soil and the cementing action of both the gypsum
and the acrylate liquid for the treated soil. This is clear
through the values of cohesion listed in Table 5. In addition,
the soil samples exhibited dilation under all levels of normal
stress, as shown in Fig. 15(a) and (b).2.Fig. 15. Direct shear test results for untreated soil without soaking, soil S1.The results of specimens sheared after soaking in water are
shown in Figs. 17 and 18. It can be seen that the behaviour
of the stress–strain relationship is converted from a dense
state to a loose state. The curves do not show a clear peak,
so the tests are continued until the sample reaches 20%
strain. All the samples revealed compression when sheared
under all levels of normal stress.(a) Shear stress–horizontal displacement relationship. (b) Vertical displace-3.
ment–horizontal displacement relationship. (c) Shear stress–normal stress
relationship.For the unsoaked specimens, it can be observed that the
cohesion increases and the angle of internal friction relatively
decreases. This behaviour may be attributed to the cohesion
effect caused by the presence of the acrylate liquid that causes
an increase in cohesion. In addition, contact between particles
is prevented, which causes a reduction in friction.4. For the soaked specimens, it can be observed that there is a
reduction in the cohesion component in comparison with
the unsoaked specimens, while a little reduction in the
friction component is observed. This reduction may be
attributed to the destruction of the interparticle cementation
bonds (due to the presence of the acrylate liquid and the
gypsum) in the particle system.5. The results of the specimens indicated that the void ratio
was changed after grouting.Since the soil is unsaturated, it can be stated that as the
matric suction is increased, the shear strength increases to a
peak value and then decreases to a fairly constant value.
As long as the specimens were saturated, the strength of the
sandy soils appeared to increase at the same rate as for an
increase in total stress. Once the sand became unsaturated, the
rate of increase in strength decreased. And, in fact, the strength
decreased when the suction was increased beyond some
limiting value (Fredlund and Rahardjo, 1993).
Horpibulsuk et al. (2013) concluded that most of the ratios
of soaked strength to unsoaked strength of clayey soils,
Horizontal Displacement, (mm)
0
50
100
150
200
250
S
he
ar
 S
tre
ss
, (
kP
a)
Normal Stress
220 kPa
110 kPa
55 kPa
0 2 4 6 8
0 2 4 6 8
Horizontal Displacement, (mm)
-0.100
-0.075
-0.050
-0.025
0.000
0.025
0.050
0.075
0.100
Ve
rti
ca
l D
is
pl
ac
em
en
t, 
(m
m
)
Normal Stress
220 kPa
110 kPa
55 kPa
Fig. 16. Direct shear test results for treated soil without soaking, soil S1.
(a) Shear stress–horizontal displacement relationship. (b) Vertical displace-
ment–horizontal displacement relationship. (c) Shear stress–normal stress
relationship.
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varied between 0.45 and 0.65. The ratio is found to exceed 0.8
for gypseous soil grouted by acrylate liquid.
12. Conclusions
From the test results, the following conclusions can be
drawn.
The optimum injection pressure at any depth is slightly
higher than the overburden pressure so as to consider
the losses due to soil resistance to permeating ﬂuid. The
treated samples showed that the acrylate liquid reduced thecompressibility of the gypseous soil by more than 60–70%.
This is attributed to the acrylate liquid ﬁlm coating the gypsum
particles, and thus, isolating them from being subjected to the
effect of water. The treated gypseous samples exhibited a low
collapse potential for which the acrylate liquid reduced the
collapsibility of the gypseous soil by more than 50–60%. This
is attributed to the bonding between particles and the role of
the acrylate liquid in coating the soil grains, and thus, isolating
the gypsum particles and the salt from the water effect.
In addition, the acrylate liquid protects the apparent cohesion
inherent in the soil due to the presence of gypsum. The acrylate
liquid affects the shear strength parameters of the gypseous soil
by increasing the cohesion and decreasing the angle of internal
friction. The soil showed a clear peak value of shear stress at
each normal stress. All soils have a cohesion component; this
may be due to the cementing action of the gypsum for the
untreated soil and the cementing action of both the gypsum
and the acrylate liquid for the treated soil. In addition, the soil
samples exhibited dilation under all levels of normal stress.
For the unsoaked samples, the cohesion increased and the
angle of internal friction relatively decreased. This behaviour
may be attributed to the cohesion effect caused by the presence
of the acrylate liquid and because contact between particles
was prevented, which caused a reduction in friction.
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Fig. 18. Direct shear test results for treated soil with soaking, soil S1. (a) Shear
stress–horizontal displacement relationship. (b) Vertical displacement–horizon-
tal displacement relationship. (c) Shear stress–normal stress relationship.
Table 5
Results of direct shear tests.
Type of test Without soaking Soaking in water
Soil property c (kPa) ϕ (deg) c (kPa) ϕ (deg)
Untreated (S1) 31.5 40 7.5 41
Treated with 900 ml (S1) 44 39 35 34
Untreated (S2) 38 33 10 31
Treated with 900 ml (S2) 50 32.5 42 35
Untreated (S3) 41 36 9 29
Treated with 900 ml (S3) 51 34 40 34
Untreated (S4) 28 43 5 44
Treated with 900 ml (S4) 35 42 33 41
M.Y. Fattah et al. / Soils and Foundations 54 (2014) 396–404404References
Abbeche, K., Bahloul, O., Ayadat, T., Bahlou, A., 2010. Treatment of collapsible
soils by salts using the double consolidation method. In: Experimental andApplied Modeling of Unsaturated Soils, Geotechnical Special Publications,
ASCE 10.1061/41103(376)10, GeoShanghai, pp. 69–78, .
Al-Lamy, M.T.A., The Use of Acrylate in Grouting Some Iraqi Gypseous
Soils, Ph.D. Thesis. Building and Construction Engineering Department,
University of Technology, Baghdad, Iraq, 2008.
ASTM D2435-02, 2002. Standard test methods for one-dimensional consoli-
dation properties of soils, Annual Book of ASTM Standards, vol. 04.08.
ASTM International, West Conshohocken, PA1–10.
ASTM D3080-98, 1998. Standard test method for direct shear test of soils
under consolidated drained conditions, Annual Book of ASTM Standards,
vol. 04.08. ASTM International, West Conshohocken, PA1–6.
ASTM D5333‐03, 2003. Standard test method for measurement of collapse
potential of soils, Book of ASTM Standards, vol. 04.08. ASTM Interna-
tional, West Conshohocken, PA.
Barazanji, A.F., 1973. Gypseous Soil of Iraq. State University of Ghent,
Belgium (Ph.D. Thesis).
Briscoll, R., Chown, R., Problem soils: a review from a British perspective. In:
Proceeding of Problematic Soils Conference, Nottingham, 8 November
2001, pp. 53–66.
B.S. 1377, 1990. Method of Testing Soils for Civil Engineering Purposes.
British Standard Institution.
Fredlund, D.G., Rahardjo, H., 1993. Soil Mechanics for Unsaturated Soils.
John Wiley & Sons, Inc, New York.
Head, K.H., 1998. second ed.Manual of Soil Laboratory Testing, vol. 3.
John Wiley and sons.
Head, K.H., 2006. third ed.Manual of Soil Laboratory Testing, vol. 1. Amazon
Press.
Knight, K., The origin and occurrence of collapsing soils. In: Proceeding of the
Third Regional Conference of Africa on Soil Mechanics and Foundation
Engineering, vol. 1, pp.127–130., 1963.
Horpibulsuk, S., Phetchuay, C., Chinkulkijniwat, A., Cholaphatsorn, A., 2013.
Strength development in silty clay stabilized with calcium carbide residue
and ﬂy ash. Soils Found. 53 (4), 477–486.
Mikheev V.V. Petrukhin V.P., Krouik V.A., Properties of saline used in
construction. In:Proceedings of Eighth International Conference on Soil
Mechanics and Foundation Engineering, Moscow, vol. 22, pp. 133–138,
1973.
Mohamed, A.M.O., El-Gamalin, M.M., 2012. Treatment of collapsible soils
using sulfur cement. Int. J. Geotech. Eng. 6 (1), 65–77.
Mori, A., Tainura, M., Fukui, Y., 1989. Distribution of grouts in solidiﬁed
region in chemical grouts. J. Soil Mech. Found. Eng. 29 (4), 127–134.
Nashat, I.H., 1990. Engineering Characteristics of Some Gypseous Soils in
Iraq. Civil Engineering Department, University of Baghdad, Baghdad, Iraq
(Ph.D. Thesis).
Seleam S.N.M., Geotechnical Characteristic of Gypseous Sandy Soil Including
the Effect of Contamination with Some Oil Products. M.Sc. Thesis.
Building and Construction Engineering Department, University of Tech-
nology, Baghdad, Iraq, 1988.
Tomlinson, M.J., 2010. Foundation Design and Construction, seventh ed.
Pearson Education Limited, Edinburgh Gate, Harlow.
